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Efects of NH&l-induced metabolic acidosis on salt and water reabsorption in dog kidney. Am. J. Physiol. 225(4) : 805-809.
1973.-Five dogs were studied during maximal water diuresis, hypotonic salt, and hypotonic mannitol diuresis in control (pH 7.39; HCOZ 20.9 ) and acidotic (pH 7.18; HCOS 10.9) conditions. The acidosis was induced via orogastric installation of NH&l for 3 days. Urinary flow rate and rate of free water generation (C&-r,,) were greater under experimental conditions. Neither GFR nor CNa differed significantly during acidosis from control values. Cnzo clearance per delivery (flow rate or CHsO + C,,) rose more steeply during the experimental conditions when dogs underwent hypotonic solute infusions. In experiments performed during hydropenia there was no change in the ability to concentrate urine maximally during acidosis. The results indicate that an NH&l-induced metabolic acidosis decreases salt and water reabsorption in the proximal tubule. In the distal tubule the augmented delivery of NaCl out of the proximal tubule is absorbed completely without net changes in salt excretion. free water clearance; urinary concentrating capacity; sodium reabsorption SINCE THE WORK OF Sartorius, Roemmoelt, and Pitts ( 15), attention has been focused on the effects of reduced pH on sodium reabsorption in many tissues. In vitro studies have demonstrated decreased sodium transport in turtle and toad bladder (6, 9, 23) as well as frog skin ( 16). Decreased proximal salt and water reabsorption has been demonstrated in rats undergoing a chronic metabolic acidosis ( 11, 19) . The following studies were undertaken to determine if such inhibition of sodium and water reabsorption occurs in dogs undergoing a chronic metabolic acidosis.
METHODS
Five female mongrel dogs weighing 18-23 kg were studied. The dogs were untrained at the time of the initial study and tolerated the procedures well without discomfort. Food was withheld the day prior to study but dogs were allowed free access to water. On the day of study the dogs were weighed and placed, while awake, in a loose-fitting harness and 50 ml/kg of tap water was given by orogastric tube over a 15-min period. The bladder was then catheterized with a Foley catheter and a 16-gauge intravenous catheter was placed in a foreleg vein for infusion.
Primes of inulin and sodium para-aminohippurate (PAH) were then administered and a sustaining solution of inulin and PAH begun at 0.6 ml/min with concentrations calculated to maintain plasma levels of 25-30 mg/lOO ml inulin and l-3 mg/lOO ml PAH. Collection periods were begun when maximal water hydration was achieved. The criteria for this end point were 1) a urine osmolality below 75 mOsm/kg Hz0 and 2) a stable maximum volume of urine A ow that did not change by more than 1.5 ml over a 30-min period. To achieve this, 2.5 % dextrose in water was infused at a rate of 2 ml/min greater than urine flow rate. Each urine was tested for the presence of glucose by the use of glucose oxidase-impregnated paper (Test-Tape, Eli Lilly). If glucose was found the study was terminated.
Three collection periods between 5 and 15 min each were taken after this point. The bladder was emptied completely by suprapubic pressure and instillation of lo-20 ml of air 30 set prior to the end of urine-collection periods. When a maximum urine flow was achieved as a consequence of the water loading, a sample of venous blood was collected in a greased, glass, 5-or lo-ml syringe for immediate determination of pH and PCO~ on a Radiometer Copenhagen pH meter 27 with gas monitor Radiometer PCO~ electrode type E5036. The bicarbonate concentration in the blood was calculated utilizing the Henderson-Hasselbalch equation-a pK1 of 6.1 and solubility coefficient to convert CO 2 tension to H&O 3 of 0.0301 was used. After collection of these three control periods an infusion of 0.45 % NaCl or 2.5 % mannitol was begun. The infusion rates were 5-10 ml greater than urine flow rate. Five-to fifteen-minute urine-collection periods were taken during the infusions with midpoint venous blood samples collected every other urine collection period or when a change in infusion rates occurred. The urine and blood osmolality, Na, K, Cl, urea, inulin, and PAH concentrations were determined using methods previously described from this laboratory (25). The study was terminated when an apparent maximal urine flow rate was achieved. The dogs were weighed again at the conclusion of the study. No anesthesia was necessary for any of the procedures, thus avoiding stimulation of ADH secretion during the study. Finally, urinary osmolality at the point of maximum water hydration in control and acidotic groups did not differ significantly ( Fig. 1) . By these criteria, the degree of volume expansion and serum dilution is felt to be similar. Seven to ten days later a metabolic acidosis was induced by use of the following protocol. A venous sample was taken prior to the induction of acidosis and pH and PCO~ were determined.
A total of 20 mEq/kg of NH&l was given in two equally divided doses via orogastric tube for 3 consecutive days. It was determined in preliminary studies that the serum pH was stable after 48 hr of NH&l administration. Most dogs vomited at some time during the 3-day induction period. All dogs in which the acidosis was induced survived the induction period without changes in play behavior or feeding patterns.
On the 4th day, at least 18 hr after the last dose of NH&l, the dogs were studied again using the same experimental design in the acidotic dogs as that used in the control dogs.
In addition, three dogs were studied under control and experimental hydropenic conditions. The dogs were fasted and deprived of water for 24 hr. At the end of this time the dogs were catheterized and a timed urine collection for urine flow rate and urine osmolality was obtained.
A metabolic acidosis was induced in the aforementioned manner and the dogs were recatheterized and urine collected again. Inulin, PAH, urea, Na, K, and Cl were determined by methods described previously (25). Standard clearance formulas were used with C,,, = U,,,V/P,,, and CR29 = v -G-n l Statistical analyses used were the Student t test for paired data and analysis of covariance for regression coefficient ( 18). ( Tables I and 2 Serum potassium concentration fell from 3.2 to 2.7 mEq/liter, a statistically significant drop. This hypokalemia in the face of an ammonium chloride-induced metabolic acidosis has been observed by others ( 10) and has been ascribed to the negative balance of potassium due to the early kaliuresis seen during ammonium chloride loading ( 10, 15).
RESULTS

Maximum water diuresis
In Fig. 1 , it can be seen that urine flow rate increased from 10.1 to 12.7 ml/min per 100 ml GFR (P < .05). The rate of free water clearance increased from 8.5 to 10.8 ml/ min per 100 ml GFR (P < .OZ). Urine flow rate and free water clearance, when unfactored for GFR, demonstrated the same results with V increasing from 8.6 to 10.0 ml/min (P < -05) during acidosis, and CHzO increasing from 7.3 to 8.8 ml/min (P < .02). Figure 2 depicts the relationship between free water excretion (C H20 per 100 ml GFR), an index of sodium reabsorption in the diluting segment, and urinary flow rate (V per 100 ml GFR), an index of isosmotic fluid reaching the distal nephron (5, 8, 12, 13, 20, 2 1, 34) . All values of urine flow rate and free water excretion during control and experimental conditions have been included in this and subsequent plots. The slopes of these lines were significantly different at the 0.025 level, with the slope of the acidotic group exceeding that of the control group. A significant difference exists for similar equations relating C Hz0 to V without regard to GFR : the equation for the control group being y = 14.48 log x -5.78, and that for experimental y = 19.23 log x -10.21 (P < .005). In Fig. 3 an attempt was made to evaluate Na reabsorption in the diluting segments (C&,9) as a function of distal delivery of sodium, CHZo + CNa (8, 13, (20) (21) (22) . Again, C Hz0 rose at a greater rate during acidosis, the change in slopes being significantly increased (P < .OO 1). When absolute values for C,,o and C&,0 + CNa are used again, the rate of change of C&,9 is increased during acidosis, slopes differing significantly at the 0.01 level. Equations for this relationship are control y = 0.52x + 3.96, and experimental y = 0.66x + 3.16. Mannitol studies. To assess C Hz0 generation over a greater range of osmolar clearance (5) and at a time when intratubular sodium concentration is depressed (7), hypotonic mannitol was used to augment distal sodium delivery to the diluting site(s). During hypotonic mannitol infusion V is an overestimate of the amount of sodium reaching the distal nephron by the extent to which mannitol replaces sodium in the tubular fluid in attaining isotonicity. Therefore, Cngo plus CNa more accurately reflects the distal sodium load ( 13). Figure 4 depicts GFR and CHzO + CNa per 100 ml GFR in the same five dogs under control and experimental conditions. During acidosis, as in the saline experiments, distal sodium reabsorption as reflected by CHz9 generation rose more steeply as distal sodium supply increased.
When CH29 and C Hz0 + CNa are plotted without reference to 100 ml GFR, the rate of increase of Cnzo during acidosis is once again significantly greater than controls; the equations being y = 16.59 log x -7.18 control, and y = 22.51 log x -10.8 experimental.
condition.
A decrease in the permeability to water along the nephron would result in changes in urine flow rate not indicative exclusively of sodium reabsorption in the proxima1 tubule. During hydropenia the finding of similar maxima1 urine osmolality and urine flow rate before and after acidosis is evidence that water permeability was not affected by the acidosis. The increase in urine flow rate in the present studies with subsequent increase in CH29 excretion then indicates depression of proximal tubular fluid salt and water reabsorption.
These findings agree with other data demonstrating depressed proximal reabsorption of sodium in rats undergoing a similar NH&l-induced acidosis ( 11, 19) .
Hydropenic studies ( Table 3) . To determine if the difference in urinary flow rate and C Hz0 is due to a defect in the permeability of water at water-clearing sites (5) 
